
This article was downloaded by: [Tomsk State University of Control
Systems and Radio]
On: 19 February 2013, At: 13:17
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T
3JH, UK

Molecular Crystals and
Liquid Crystals Incorporating
Nonlinear Optics
Publication details, including instructions for
authors and subscription information:
http://www.tandfonline.com/loi/gmcl17

Properties of a Homologous
Series of Ferroelectric Liquid
Crystals
L. Bata a , A. Buka a , N. éber a , A. Jákli a , K.
Pintér a , J. Szabon a & A. Vajda a
a Central Research Institute for Physics H-1525,
Budapest 114, P.O.B. 49., Hungary
Version of record first published: 17 Oct 2011.

To cite this article: L. Bata , A. Buka , N. éber , A. Jákli , K. Pintér , J. Szabon &
A. Vajda (1987): Properties of a Homologous Series of Ferroelectric Liquid Crystals,
Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 151:1, 47-68

To link to this article:  http://dx.doi.org/10.1080/00268948708075319

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-
and-conditions

This article may be used for research, teaching, and private study
purposes. Any substantial or systematic reproduction, redistribution,
reselling, loan, sub-licensing, systematic supply, or distribution in any form
to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any
representation that the contents will be complete or accurate or up to
date. The accuracy of any instructions, formulae, and drug doses should

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268948708075319
http://www.tandfonline.com/page/terms-and-conditions
http://www.tandfonline.com/page/terms-and-conditions


be independently verified with primary sources. The publisher shall not
be liable for any loss, actions, claims, proceedings, demand, or costs or
damages whatsoever or howsoever caused arising directly or indirectly in
connection with or arising out of the use of this material.

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

3:
17

 1
9 

Fe
br

ua
ry

 2
01

3 



Mol. Crysf. Liq. Cryst., 1987, Vol. 151, pp. 47-68 
Photocopying permitted by license only 
@ 1987 Gordon and Breach Science Publishers S.A.  
Printed in the United States of America 

P R f l P E R T I E S  OF A H f l E l O L f l G O I J S  SERIES OF F E R R O -  
ELECTRIC L I l J l J ID  CRYSTALS 

L B A T A ,  A R IJKA,  N . ~ ~ R E F I ,  A . J A K L I ,  K . P I N T ~ R ,  
J .  S Z A R f l N  a n d  A .  V A J D A  
C e n t r a l  R e s e a r c h  J n s t i t u t e  f n r  P h y s i c s  
H - 1 5 7 5  R u d a p e s t  1 1 4 ,  P . O . R . 4 9 .  H u n q a r y  

A b s t r a c t  A h n m o l o g n u s  s e r i e s  o f  M R f l P E n f l R A  
c h i r a l  compn i inds  h a s  b e e n  s y n t h e s i z e d  a n d  some 
c h e m i c a l  a n d  p h y s i c a l  p r o p e r t i e s  o f  t h e  cnmpn- 
npn ts  a s  w e l l  as t h a t  o f  a b i n a r y  m i x t u r e  h a s  
h e e n  s t i i d i e d  M e a s u r e m e n t s  o f  t h e  s p o n t a n e o i r s  
p o l a r i 7 a t i o n  a n d  t h e  p i t c h  a r e  p r e s e n t p d  a n d  
resiil t s  o f  e i i t e c t i c ,  d i  e l  e c t r i c ,  e l  e c t r o o p t i c  
a n d  e l e c t r n m e c h a n i c a l  i n v e s t i q a t i o n s  a r e  q i v e n  

I N T R O f l U C T I O N  

S n n s i d e r a h l e  a t t e n t i o n  h a s  h e e n  p a i d  t n  c h i r a l  

s m e c t i c  C ( 5  ) l i q u i d  c r y s t a l s  hecaL ise  n f  t h e i r  

f u n d a m e n t a l  a n d  p r a c t i c a l  i n t e r e s t  I n  th1.s p a p e r  

we p r e s e n t  d e t a i l s  o n  snme compounds  a n d  a b i n a r y  

mixtiire w h i c h  e x h i b i t  t h i s  p h a s e  a n d  V J ~  d e s c r i b e  

some p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  s u c h  a s  s p o n -  

t a n e o u s  p o l . a r i z a t i o n ,  p i t c h ,  e u t e c t i c ,  d i e l e c t r i c ,  

e l e c t r o o p t i c  a n d  e l e c t r o m e c h a n i c a l  p r o p e r t i e s  o f  

t h e s e  c o m p o u n d s .  F o r  b o t h  f u n d a m e n t a l .  r e s e a r c h  a n d  

p r a c t i c a l  a p p l i c a t i o n  i t  is a g r e a t  a d v a n t a g e  i f  

t h e  compound  p o s s e s s e s  S F  p h a s e  a t  r o o m  t e m p e r a t u r e  

so o u r  f i r s t  t a s k  was t o  p r o d u c e  si ich c o m p o u n d s .  
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48 L. BATA ef al. 

COMP 0 U 140 5 

The g e n e r a l  s t r u c t u r e  o f  t h e  4 - ( 2 ' - m e t h y l b u t y l o x y ) -  

phenyl-4-alkyloxy-benzoate h o m o l n g u e s  (MBOPEnORA) 

i s  as f o l l . o w s  ( n = a  t o  1 2 )  

(The  a s y m m e t r i c  c e n t r e  i s  m a r k e d  w i t h  an a s t e r i s k . )  

The t y p e s  o f  mesomorph ic  p h a s e s  and t h e  p h a s e  t r a n -  

s i t i o n  t e m p e r a t u r e s  o f  t h e s e  compounds a r e  l i s t e d  

i n  T a b l e  I. 

TABLE I Mesomorph ic  p h a s e s  o f  MBOPEnOBA 

Ch I n C r 3  Cr2 Cr 1 5; 'A 

A 8  24.8'  36.8 '  3 9 . 5 5  ( 3 7 )  54 67 
9 -  44 - ( 4 2 )  58  60 

1 0  - 44 - 4 1  65 67 

11 - 46 4 9  65 - - 
I3 12 - 4 4 . 1  4 6 . 1  ' ( 4 6 )  66 - 

The t r a n s i t i o n  t e m p e r a t u r e s  a r e  g i v e n  i n  O C  

( ) m o n o t r o p i c  t r a n s i t i o n s  

n number o f  C a toms  i n  a l k y l o x y  c h a i n  

9 C a l o r y m e t r i c  d a t a  

The p h a s e  t r a n s i t i o n  t e m p e r a t u r e s  o f  t h e  A com- 

pound  a r e  somewhat d i f f e r e n t  f r o m  t h e  d a t a  p u b l i s -  

h e d  e a r l i e r . 2  We e x p l a i n  t h e  d i f f e r e n c e s  w i t h  t h e  

p r e s e n c e  o f  an i n t e r m e d i e r  s u b s t a n c e  w h i c h  a p a r t  

f r o m  a f f e c t i n g  t h e  p h a s e  t r a n s i t i o n  t e m p e r a t u r e s  
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PROPERTIES OF A HOMOLOGOUS SERIES 49 

e x t e n d s  t h e  r a n g e  n f  t h e  c h n l e s t e r i c  p h a s e .  

The p h a s e  t r a n s i t i o n  t e m p e r a t i i r e s  w e r e  d e t e r -  

m i n e d  h y  a u n i v e r s a l  p o l a r i z i n g  m i c r o s c o p e  ( Z e i s s  

Arnpl . iva1) e q u i p p e d  w i t h  a h e a t i n g  s t a g e .  I t  was nh- 

s e r v e d  t h a t  none o f  t h e  compounds h a s  t h e  c h i r a l  

S c  phase  a t  r o o m  t e m p e r a t u r e  t h e r e f o r e  t h e  b i n a r y  

m i x t u r e s  o f  t h e  compounds w e r e  a l s o  i n v e s t i g a t e d .  

The m o s t  i n t e r e s t i n g  phase  d i a g r a m  i s  shown i n  

F i g . 1 .  The m i x t u r e ,  c a l l e d  F k 4 ,  c o n t a i n i n g  h f l% h y  

w e i g h t  n f  t h e  compound w i t h  n = 8 ,  i . e .  compound ( A ) ,  

a n d  4 0 %  b y  w e i g h t  of n = 1 2 ,  i . e .  compound ( B ) ,  e x -  

h i b i t s  t h e  S E  phase  a r o u n d  r o o m  t e m p e r a t u r e  s n  t h i s  

m i x t u r e  was c h o s e n  f o r  f l i r t h e r  i n v e s t i g a t i o n .  ( T h e  

m i x t u r e  w i t h  R O %  of component A shows s o l i d i f i c a t i o n  

% 

I 

a 

* a  

si: 

Si 

a 

0440 Cr 

i'O 

-7 i 
F I G U R E  1. Phase d i a g r a m  o f  MBOPERflRA and  

MBflPE12OBA m i x t u r e  
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SO L. RATA er ul 

a t  r o o m  t e m p e r a t u r e ) .  The p h a s e  s e q u e n c e  o f  F k 4  

compounds  r e a d s  

H e r e  t h e  s t a n d a r d  n o t a t i o n  was u s e d .  

P I T C H  A N D  SPONTANEOUS POLARIZATION 

I n  a d d i t i o n  t o  t h e  a p p r o p r i a t e  t e m p e r a t u r e  i n t e r -  

v a l  t h e  p i t c h  a n d  t h e  s p o n t a n e o u s  p o l a r i z a t i o n  a r e  

t h e  m o s t  i m p o r t a n t  m a t e r i a l  c h a r a c t e r i s t i c s  o f  S: 

s u b s t a n c e .  

The p i t c h  c a n  b e  m e a s u r e d  b y  o b s e r v i n g  t h e  s t r i p e  

s t r u c t u r e  w i t h  a n  o c u l a r  m i c r o m e t e r  a t t a c h e d  t o  

t h e  p o l a r i z i n g  m i c r o s c o p e 3  E i t h e r  n o n o r i e n t e d  

s a m p l e s  w i t h  a f a n - s h a p e d  t e x t t i r e ,  ( F i q . 2 a )  or 
p l a n a r  o r i e n t e d  c e l l s  ( F i g . 2 b )  c a n  b e  u s e d  f o r  

a .  fan-shaped b .  p l a n a r  

F igu re  2 .  Textures o f  t h e  Fk4 m i x t u r e  i n  t h e  S: phase 
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PROPERTIES OF A HOMOLOGOUS SERIES 51 

t h i s  p u r p o s e .  I n  t h e  c a s e  o f  t h e  F k 4  m i x t u r e  t h e  

p i t c h  i s  a p p r o x i m a t e l y  5 um a t  T=23'C. / 

o n e  h a s  t o  p r e p a r e  a p l a n a r  o r i e n t e d  s a m p l e  ( s m e c -  

t i c  l a y e r s  a r e  p e r p e n d i c u l a r  t o  t h e  b o u n d i n g  sur- 
f a c e s ) .  We o r i e n t e d  t h e  s a m p l e  b y  t h e  s h e a r  m e t h o d  

w h i c h  y i e l d s  g o o d  q u a l i t y  a l i g n m e n t  ( F i g . 2 b ) .  

The  s p o n t a n e o u s  p o l a r i z a t i o n  was d e t e r m i n e d  f r o m  

t h e  P - E  h y s t e r e s i s  l o o p .  A t y p i c a l  e x p e r i m e n t a l  

c u r v e  i s  s h o w n  i n  F i g . 3 .  
6 Our l o o p  t r a c e r 5  c o n s i s t e d  o f  a O i a m a n t  b r i d g e  

which is c o n n e c t e d  t o  a m i c r o c o m p u t e r  a l l o w i n g  

m e a s u r e m e n t s  a t  ].ow f r e q u e n c i e s  ( 1 - 1 0  H z ) .  The 

t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  s p o n t a n e o u s  p o l a r i z a -  

t i o n  o f  t h e  F k 4  m i x t u r e  i s  s h o w n  i n  F i g . 4 .  I t  

r e a c h e s  a maximum v a l u e  o f  P = 1 . 6 ~ 1 0 - ~ &  a t  T=19'C. 

S i m i l a r  v a l u e s  w e r e  f o u n d  for some members  o f  t h e  

I n  o r d e r  t o  m e a s u r e  s p o n t a n e o u s  p o l a r i z a t i o n  

4 

S m2 

P 
crltical fbld 

. ~ 

F I G U R E  3 .  T y p i c a l  h y s t e r e s i s  c u r v e .  
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0 
0 

O f 2  

A o ' a  

0 .  
0 

0 614 Hz 
0 0 

A A  0 .  

A 
0~~ a 0 

0 
A ' A  ' 0  

. A  ..@@, 
A A A ! A :om 

A 

P 
1 b 

I L )  

16 la 20 22 24 28 28 30 T r c l  

F I G U R E  4.  Temperature dependence of t h e  spontaneous 
p o l a r i z a t i o n  of t h e  Fk4 m i x t u r e .  

u [ V l  
0 duration voltage 

critical voltage 
A coercive voltage 0 0  

0 
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PROPERTIES OF A HOMOLOGOUS SERIES 

same h o m o l o g o u s  series . I t  i s  w o r t h  n o t i c i n g  t h a t  

t h e  m e a s u r e d  v a l u e s  o f  t h e  s p o n t a n e o u s  p o l a r i z a t i o n  

d e p e n d  s t r o n g l y  o n  t h e  q u a l i t y  o f  t h e  p l a n a r  o r i e n -  

t a t i o n  o f  t h e  c e l l .  Any d e t e r i o r a t i o n  o f  t h e  a l i g n -  

m e n t  l e a d s  t o  a n  e f f e c t i v e  d e c r e a s e  o f  t h e  p o l a r i -  

z a t i o n .  

53 

7 

F r o m  t h e  h y s t e r e s i s  c u r v e s  w h i c h  a r e  s i m i l a r  t o  

t h a t  i n  F i g . 3  t h e  c o e r c i v e  U c ,  t h e  c r i t i c a l  U c r ,  

a n d  t h e  s a t u r a t i o n  U s  v o l t a g e s  were d e t e r m i n e d  f o r  

a 6 0  ,urn t h i c k  sample. E a c h  p a r a m e t e r  shows a 

m a r k e d  i n c r e a s e  w i t h  d e c r e a s i n g  t e m p e r a t u r e  (Fig.5). 

DIELECTRIC P E R M I T T I V I T Y  

E x p e r i m e n t s  h a v e  b e e n  c a r r i e d  o u t  on 1 mm t h i c k  

a l i g n e d  s a m p l e s  o f  t h e  n = l O  member o f  t h e  h o m o l o g o u s  

series (see a b o v e )  a s  w e l l  a s  o n  t h e  b i n a r y  m i x t u r e  

F k 4 .  O r i e n t a t i o n  was e s t a b l i s h e d  b y  s l o w  c o o l i n g  o f  

t h e  s a m p l e  i n  a m a g n e t i c  f i e l d  o f N l T ,  f r o m  t h e  

i s o t r o p i c  t o  t h e  S A  p h a s e .  F u r t h e r  c o o l i n g  t h r o u g h  

t h e  T x x  p o i n t  was c a r r i e d  o u t  w i t h  n o  m a g n e t i c  

f i e l d .  

S t a t i c  d i e l e c t r i c  p e r m i t t i v i t y  d a t a  a r e  shown 

i n  F i g s .  6 a n d  7 for t h e  o n e - c o m p o n e n t  s y s t e m  a n d  

t h e  b i n a r y  m i x t u r e  r e s p e c t i v e l y .  P o i n t s  are g i v e n  

f o r  a l l  p h a s e s  o b s e r v e d  i n  t w o  d i r e c t i o n s ,  v i z .  

p a r a l l e l  a n d  p e r p e n d i c u l a r  t o  t h e  m a g n e t i c  f i e l d .  

D a t a  a r e  w e l l  r e p r o d u c i b l e  f o r  b o t h  d i r e c t i o n s  i n  

t h e  5; p h a s e  a l s o ,  w h e r e  II l a b e l s  t h e  d i r e c t i o n  

a l o n g  t h e  s m e c t i c  l a y e r  n o r m a l  w h i l e  L l i e s  w i t h i n  

t h e  l a y e r .  

The d i e l e c t r i c  a n i s o t r o p y  is n e g a t i v e  f o r  b o t h  
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54 L B A T A r t n l  

s a m p l f s  a n d  t h e  t e m p e r a t u r e  b e h a v i o u r  o f  h o t h  E, 
a n d  I , , s h o w s  n o  a n o m a l y  a r o u n d  t h e  p h a s e  t r a n s i t i o n s  

f o r  5 k H r ,  w h i c h  i s  t h e  u s u a l  f r e q u e n c y  f o r  t h e  

s t a t i c  p e r m i t t i v i t y  m e a s u r e m e n t s  8 

F i g u r e  7 shnws  p o i n t s  m e a s u r p d  a t  2 0  Hr a r o u n d  

T A c x  f o r  t h e  p e r p e n d i c u l a r  a l i g n m e n t .  The d i f f e t -  

e n c e  i n  S b e t w e e n  &,(5kHz) a n d  €,(20 H z )  c a n  h e  

e x p l a i n e d  b y  t h e  c o n d u c t i v i t y  e f f e c t .  The d e v i a t i o n  
A 

4 0 
7.5 1 

A 5 kHz 
0 20Hz  

5 .01  

A 

30 40 so 60 70 TPC 

FIGURE 6 .  S t a t i c  d i e l e c t r i c  p e r m i t t i v i t y  fnr  MBOPElOOBA 
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PROPERTIES OF A HOMOLOGOUS SERIES 55 

d e c r e a s e s  w i t h  d e c r e a s i n g  t e m p e r a t u r e .  The  s t r o n g  

i n c r e a s e  of  €,,(20 Hz) a t  T A C x  is c o n n e c t e d 9  w i t h  t h e  

a p p e a r a n c e  o f  t h e  new d i e l e c t r i c  mode ( G n l d s t o n e  

m o d e )  

€' 

6.4 

6.0 

5.6 

5.2 

40 

4.4 

4.0 

3.6 

i n  t h e  f e r r o e l e c t r i c  p h a s e .  

0 00 
0 0  
0 

0 
0 

0 

0 

0 

0 

0 

0 
A 5 kHz 
0 20 Hz 

0 

0 

0 
L o  O 0  

A 

A II 

10 30 50 70 TPC 

FIGURE 7 .  S t a t i c  d i e l e c t r i c  p e r m i t t i v i t y  for Fk4 m i x t u r e  
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56 L. BATA er 01. 

Dispersion measurements were carried out f o r  
all observed phases i n  both alignments in the fre- 
quency range 2 0  H z  - 100 k H z .  The parallel orienta- 
tion exhibited dispersion connected with the rota- 
tional diffusion of the molecules around their short 
axis was found-. The dispersion is of Debye type. 
Arrhenius plots of critical frequencies are shown 
in Figs.8 and 9 for S A ,  Sc  and 5; phases. In Fig.9, 
at the 5 ;  - S* phase transition, fc exhibits a 
change of about one order of magnitude, represen- 
ting a similar behaviour to the one found earlier 
f o r  nonchiral substances that exhibited a transi- 
tion from a two-dimensional liquid type smectic 
structure ( S A  o r  S c )  to a hexagonally ordered layer 

x 

I 

8 

tCl Hz 

t 

FIGURE 8. Arrhenius plot of the critical frequency f o r  
the parallel alignment of MBOPEIOOBA. 
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0 

0 
\ 

\ 

I 
1‘7 s; 

0 
10 T --T’----, 
3.1 3.2 3.3 3.4 3.5 1 / ~ ~ 1 0 ~  

FIGURE 9 .  Arrhenius plot of critical frequency f o r  the 
parallel alignment of Fk4 mixture. 
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58  L. BATA rr ul. 

system ( S B  o r  SI). 

the perpendicular alignment of the Fk4 binary mix- 
ture is demonstrated i n  Fig. 1 0 a , b .  Figure 1 0 a  
shows the imaginary part of the permittivity versus 
frequency in the cholesteric and smectic A phases 
of the binary mixture. No significant dispersions 
were found in these two phases. 

liendence of the dielectric loss & ” ( f )  is : 

The frequency dependence of the permittivity in 

The general expression for the frequency d e -  
10 

G 1 f  
+ (  &,- €&)--- - 

f2 fc E” (f) = 2nf c o  
1 +-x 

(1) 

f L  c 

where: G - conductivity 
C o  - geometric capacity 
( & o - & m )  - dielectric 1-ncrement 
fc - critical frequency of a Oebye type 

dispersion. 
When f L(fc (for frequencies far below the disper- 
sion region) the dielectric loss has a pure conduc- 
tivity character: 

and we get a straight line for a log C’(1ogf) plot 
with a s l o p e  of -1 which is exactly the case for 
Fig.10 a .  

The dielectric loss versus frequency for the 
5: and 5; phases of the Fk4 compound can b e  seen 
in Fig. 10 b .  3 5 In the 10 - 10 H z  region of the &: 
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PROPERTIES OF A HOMOLOGOUS SERIES 59 

FIGURE 10 .  Dielectric l o s s  versus frequency in the 
perpendicular a1 ignment of Fk4. 
a. CQ and S phases 
h .  Sy: and A S: phases, ( 1 1 )  corresponds 

to a parallel alignment measurement 
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60 L. BATA cf a/. 

curves nne can s e e  the influence of the dispersion 
recorded in the parallel alignment. The molecular 
rotation arnund the short axis i s  expected to have 
an effect in the perpendicular alignment of tilted, 
biaxial systems' for geometrical reasons ,as l o n g  as 
the direction of the electric field in either align- 
ment ( I I o r  1) does not correspond to the easy direc- 
tions (main directions of the dielectric tensor) nf 
the biaxial. structure. 

To demonstrate this effect, among tho perpen- 
dicular curves Fig.lOb shows one , that is the 
continuocls line ( 1 1 )  measured at 2 1 . 5 " C  in the S; 

phase. Line (I) is the corresponding perpendicular 
plot. The critical frequency of the dispersion for 
€,,is 2.4 kHz  and its effect can clearly be seen 

The low frequency e n d  of the &I ( f )  curves in 
nn c u r v e  11 . 

Fig.10 shows a definite conductivity behaviour 
similarly to the Ch and S A  phases. The slope of the 
log &:( losf )  l . ine did not change by cooling f rom S A  

to S c  and SI, indicating that EL-? even in the ferrn- 
electric phases. This suggests that the Goldstone 
mode associated with the increase of &;with de- 
creasing frequency in the ferroelectric phases 
( s e e  Fig.7) cannot be described by a flebye process. 
Although we wish to emphasize that the expected 
effect in (which is about half of that fnund for 

x x 1' 1 

€1) is rather small, even so it should still be 
seen in F i g .  10  at least as an increase in the 
slope of the lines. 

The same conclusions could be drawn f r o m  the 
frequency dependence of the perpendicular permit- 
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80- 

00- 

61 

tivity of the single component system. 

ELECTROOPTICAL RESPONSE 

Unwinding threshold voltage 
In the absence of electric field a thick planar 
oriented 5; sample exhibits a stripe structure as 
observed between crossed polarizers under the 
microscope (Fig.2b). If a large enough DC or  A C  

electric voltage is applied to the sample the 
stripes disappears, the helix unwinds and a uni- 
formly aligned planar S c  texture results". Figure 
11. shows the frequency dependence of the unwinding 
threshold amplitude Uth of the sine-shaped AC volt- 
age for the Fk4 mixture at T=24'C. B e l o w  1 Hz there 
is only a slight difference between the D C  thresh- 

1 9 
4 

T: 24.5% 

X 

X 

a 

a 
X 

X 

X 

FIGURE 11. Frequency dependence of the unwinding thresh- 
old voltage for a 60 ,um thick Fk4 sample. 
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62 I.. RATA rf rrl .  

o l d  a n d  AT: t h r e s h o l d  w h i c h  g r o w s  l ip  a r n u n d  f c  ~7 H z  

a n d  gnes  t o  a s a t u r a t i o n  a t  h i g h  f r e q i i e n c i e s .  

T h i s  h e h a v i o i i r  may h e  due  t o  t h e  d i f f e r e n t  ( i n w i n d i n g  
1 3  m e c h a n i s m s  I n  t h e  l o w  a n d  h i g h  f r e q u e n c y  r e g i o n s .  

I t  i s  a l s o  w o r t h  m e n t i o n i n g  t h a t  a t  l o w  f r e q u e n c i e s  

t h e  s t r i p e s  c a n  r e a p p e a r  d ~ r i n q  e a c h  p e r i n d  when 

t h e  m o m e n t a r y  v a l u e  o f  t h e  AT: v o l t a g e  d e c r e a s e s  

b e 1  ow t h e  t h r e s h o l d  v a l  l i e .  

1 2  

I n  F i g . 1 2  a c o m p a r i s o n  is q i v e n  h e t w e e n  t h e  

u tvl 

120 

100 

80 

60 

40 

20 

t3 
0 
A 
X 

saturation voltage 
critical voltage 
coercive voltage 
unwinding threshold 

D 

0 
2 

D 

6 
A 

X 

0 

X 

I 
A 

T =24.5OC 

D 

6 
X 

A 

10 f [Hd 0 2 4 6 8 

FIGURE 12 .  Frequency dependence of t h e  unwinr l inq thrr5h- 
o l d ,  cnprc i ve ,  c r i t i c a l  and s a t u r a t i o n  v o l t -  
a p s  f o r  a hO urn thick Fk4 sample / 
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i~nwinding threshold voltage Uth and the coercive Uc, 
critical Ucr and saturation U s  ones. It can be seen 
that the Uth, which was measured by the microscope, 
essentially corresponds to lJcr determined from the 
hysteresis loop (c.Fig.3). 

Switching time 
If a bipolar square wave shaped voltage is applied 
to the planar oriented S; sample there will he a 
periodic switching between two states supposing that 
the amplitude of the applied voltage is higher than 
the unwinding threshold. Both states have homogene- 
Q U S  textures which can be characterized by the spon- 
taneous polarization pointing up and down respecti- 
vely throughout the sample. If the cell i s  placed 
between crossed polarizers and is illuminated by a 
l a s e r  beam, the transmitted intensity changes ac- 
cording to the switching which can b e  monitored by 
a photodiode allowing the measurement of the 
switching times. 

We applied a symmetrical bipolar square wave to 
the sample and found that the switching time at the 
rising and falling edges are equal. This indicates 
that in the absence of electric field there is a 
symmetrical antiparallel molecular alignment at the 
bounding plates. Figure 13 shows the temperature 
dependence of the switching time for a 60 ,um thick 
Fk4 sample using an applied electric field E = 1 0  G .  

T increases by about an order of magnitude while 
the temperature decreases f rom TAC=29OC to TCI=160C. 
For a large electric field the switching time T can 
be approximated by the expression T =  where '$ 

6 V  

31 
P s E  
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I,j 14 € 

'OI 8 

6 -  

4- 

2- 

I 
1 I 1 I 1 I 1 -  

16 20 24 28 1% 

FIGURE 13. Temperature dependence of t h e  s w i t c h i n g  
t imes f o r  a 60 um th ick Fk4 sample / 

i s  t h e  o r i e n t a t i o n a l  v i s c o s i t y  a n d  P s  i s  t h e  s p o n -  

t a n e o u s  p o l a r i z a t i o n  U s i n g  t h i s  e x p r e s s i o n  we 

c a n  c o m b i n e  Figs.13 a n d  4 t o  c a l c u l a t e  t h e  o r i e n -  

t a t i o n a l  v i s c o s i t y  c o e f f i c i e n t .  As c a n  b e  s e e n  i n  

Fig.14, + i n c r e a s e s  b y  a b o u t  a n  o r d e r  o f  m a g n i t u d e  

when c o o l i n g  down t h r o u g h  t h e  5; p h a s e .  P l o t t i n g  

I n $  a g a i n s t  ~ o n e  c a n  s e e  t h a t  i t  c a n  b e  a p p r o x i -  

m a t e d  b y  a l i n e a r  r e l a t i o n s h i p  e x c e p t  i n  t h e  n e i g h -  

b o u r h o o d  o f  t h e  SA-Sc p h a s e  t r a n s i t i o n .  I t  s u g -  

g e s t s  t h a t  t h e  r o t a t i o n  o f  t h e  d i r e c t o r  a r o u n d  t h e  

h e l i c a l  a x i s  may b e  a t h e r m a l l y  a c t i v a t e d  p r o c e s s ,  

h o w e v e r  t h e  s i t u a t i o n  i s  m o r e  c o m p l i c a t e d  n e a r  t h e  

1 
T 

x 
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phase transition. 

15- 

0 
a. 10 0 

0 

0 
0 

5 -  0 

' 0  

6 -  
0 

0 

0 b. 4- 
0 

FIGURE 14. Temperature dependence of the orientational 
1 viscosity coefficient. 

a. f(T) curve, b. ln'c(T-) curve 

ELECTROMECHANICAL PROPERTIES 

As we have already mentioned these materials exhibit 
an electromechanical effect in the S E  phase.14 In 
our experimental set-up one of the plates of the 
planar oriented sandwich cell is connected to the 
membrane of a loudspeaker. Under the influence of 
an AC electric field this plate oscillates in a 
direction perpendicular to both the field and the 
helical axis. The frequency of the oscillation 
equals that of the applied field, and the amplitude 
of the displacement a s  measured by a ceramic pick-up 
is proportional to both the amplitude and the fre- 
quency of the field if ft300 H z .  This indicates that 
the effect i s  linear. In a 10 ,um thick Fk4 sample 
we could detect a maximum vibrational amplitude of 
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66 L. BATA rr nl. 

a b n i i t  5 i i rn  a t  f . 750  Hz a n d  U.25 V .  We s h o u l d  l i k e  

t o  e m p h a s i z e  t h a t  t h e  l i n e a r  e l e c t r o m e c h a n i c a l  

e f f e c t  e x i s t s  i n  t h e  f e r r o e l e c t r i c  p h a s e ,  a s  c a n  h e  

s e e n  i n  Fig.15. 

/ 

50 U = 2 5 V  
I f =500Hz  

40\ 30 
0 

201 0 0 

10 - I o  

0 0 

0 
0 

00 

O O  

0 

0 

0 
0 

0 

0 0 
0 0 

18 20 22 24 26 28 30 

FIGURE 1 5 .  Temperature dependence o f  t h e  e lec t romechan i -  
c a l  e f f e c t .  V i s  p r o p o r t i o n a l  t o  t h e  
displacement 

I n  t h i s  p a p e r  we s h o u l d  l i k e  t o  d r a w  a t t e n t i o n  

t o  t h e  i n v e r s e  e l e c t r o m e c h a n i c a l  e f f e c t  which has a l s o  

b e e n  o b s e r v e d .  When a p l a n a r  o r i e n t e d  S c  s a m p l e  

is s u b j e c t e d  t o  a s h e a r  f l o w  b y  m o v i n g  t h e  p l a t e s  

r e l a t i v e  t o  e a c h  o t h e r  i n  a d i r e c t i o n  p a r a l l e l  

t o  t h e  s m e c t i c  l a y e r s ,  a n  e l e c t r i c  v o l t a g e  c a n  b e  

d e t e c t e d  o n  t h e  e l e c t r o d e s  (Fig.16). S u c h  a s h e a r  

x 
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PROPERTIES OF A HOMOLOGOUS SERIES 67 

FIGURE 1 6 .  I nve rse  e lec t romechan ica l  e f f e c t  i n  p l a n a r  
Fk4 sample. Lower curve corresponds t o  t h e  
shear,  t h e  upper one t o  t h e  detected 
vo l tage  

i n d u c e d  p o l a r i z a t i o n  h a s  p r e v i o u s l y  b e e n  o b s e r v e d  

o n l y  i n  h o m e o t r o p i c  Sc s a m p l e s .  % 1 5  
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